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Background: Mirtazapine, a noradrenergic and specific serotonergic antidepressant, whicli 
blocks the a^-adrenergic autoreceptors and iieteroreceptors, has shown anxiolytic properties 
in clinical trials and preclinical animal experiments. The addition of mirtazapine to selective 
serotonin reuptake inhibitors (SSRIs) is clinically suggested to be more effective for anxiety 
disorders. In this study, we examined the combined effects of mirtazapine and citalopram, an 
SSRI, on the freezing behavior of rats, which was induced by contextual conditioned fear as 
an index of anxiety or fear 

Methods: Male Sprague Dawley rats individually received footshocks in a shock chamber, 
and 24 hours later, they were given citalopram and/or mirtazapine injections. One hour after 
citalopram and 30 minutes after mirtazapine administration, fi'eezing behavior was analyzed 
in the same shock chamber without shocks. 

Results: Mirtazapine decreased freezing in a dose-dependent manner, which is consistent 
with a previous report; it also enhanced an anxiolytic-like effect at a high dose (30 mg/kg) of 
citalopram. Because mirtazapine blocks a,-adrenoreceptors, the combined effect of atipamezole, 
a selective receptor antagonist, with citalopram was also examined. Similar to mirtazapine, 
atipamezole reduced freezing dose-dependently, but the enhancement of citalopram 's effects 
by atipamezole was not clear when compared with mirtazapine. 

Conclusion: The present findings suggest that mirtazapine has an anxiolytic-like effect and 
may enhance the anxiolytic-like effect of SSRIs, but this enhancement may not be explained 
by its anti-a^ property alone. 

Keywords: anxiety, conditioned fear, selective serotonin reuptake inhibitor, mirtazapine, 
ttj-adrenoreceptor 

Introduction 

Selective serotonin reuptake inhibitors (SSRIs) are recommended as a first-line treat- 
ment by the recent treatment guidelines for anxiety disorders; benzodiazepines are 
the second-line treatment due to the patients' risks of developing drug dependency.'-^ 
However, not all patients with anxiety disorders remit even after adequate treatment; 
for instance, the remission rate was 45% in a clinical trial of one treatment in panic 
disorders.' Such treatment-resistant anxiety disorders have not been studied enough.^ 
The "switching to" or "augmenting by" drugs with different pharmacological profiles 
are recommended as the third or fourth treatment by the treatment guideline. Among 
them, mirtazapine, a noradrenergic and specific serotonergic antidepressant that blocks 
the a^-adrenergic autoreceptors, heteroreceptors, and serotonin (S-HT)^,-,/^^, receptors,* 
is a third or fourth line of treatment option for panic disorder, obsessive-compulsive 
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disorder, and posttraumatic stress disorder, as indicated by 
the recent treatment guidelines.^ 

Because mirtazapine is often chosen as an augmenta- 
tion therapy of SSRIs for major depression,^"' mirtazapine 
augmentation of SSRIs also seems promising for treatment- 
resistant anxiety disorders, but only one single-blind study 
reported that adding mirtazapine to citalopram resulted in a 
faster onset of efficacy for obsessive-compulsive disorder.* 
As mentioned above, because the pharmacological profile 
of mirtazapine is quite different from those of SSRIs,'' the 
addition of mirtazapine may augment the anxiolytic effect of 
SSRIs. A recent preclinical study using in vivo microdialysis 
supported this idea; this study showed that mirtazapine itself 
increased 5-HT neurotransmission in the hippocampus and 
enhances 5-HT neurotransmission increased by the serotonin 
noradrenaline reuptake inhibitor (SNRI) milnacipran in the 
hippocampus and prefrontal cortex.' Increased 5-HT neu- 
rotransmission is related to the anxiolytic effect of antidepres- 
sants, including SSRIs'" " and possibly mirtazapine.' 

Preclinical studies using animal models of anxiety are 
necessary before the clinical introduction of new pharma- 
cological treatments or their combinations are used to see 
whether their putative efficacy in animals can be confirmed, 
and to determine whether the mechanism of action can be 
clarified. However, efficacy studies of the putative anxiolytic 
effect of mirtazapine in animal anxiety models have rarely 
been performed in contrast to preclinical studies of SSRIs." 
Only one study by Kakui et al'^ reported that mirtazapine has 
an anxiolytic-like effect in the rat contextual conditioned fear 
model, and this effect is mediated by activation of the 5-HTj^ 
receptor and the ttj-adrenoreceptor Hence, a behavioral study 
to examine the anxiolytic-like effect of adding mirtazapine 
to SSRIs in animals has never been performed. 



The aim of this study was to examine whether the 
combination of mirtazapine and the very specific SSRI, 
citalopram,"* increases the anxiolytic-like effect of citalo- 
pram on the expression of rat contextual conditioned fear. 
Specifically, drugs were administered to rats 24 hours after 
conditioning by footshock and shortly before the observa- 
tion of freezing behavior. Furthermore, to clarify the role of 
the ttj-adrenoreceptor in this effect, the effect of the highly 
selective a^-adrenoreceptor antagonist, atipamezole,'^ was 
tested alone or in combination with citalopram. 

Methods 

Animals 

Male Sprague Dawley rats (230-300 g) were obtained from 
Japan SLC, Inc. (Shizuoka, Japan). A total of 292 rats were 
used. The number of rats per group for each experiment is 
described in Figures 1-3. The rats were housed in polypro- 
pylene cages with wood shavings on the floor; there were 
four animals per cage, with free access to food and water. The 
subjects were maintained under a 12-hour light-dark cycle 
(light phase: 6.30 am to 6.30 pm) in a temperature-controlled 
environment (22°C+1°C). The rats were tested during the 
light phase. Experiments began after a 2-week period of 
acclimatization. All experiments were performed between 
8.00 am and 1.00 pm. All experiments were approved by 
the Hokkaido University School of Medicine Animal Care 
and Use Committee, and they were conducted in compliance 
with the Guide for the Care and Use of Laboratory Animals, 
Hokkaido University School of Medicine. 

Drugs 

Citalopram hydrobromide (a gift from Dainippon Sumi- 
tomo Pharma Co, Ltd, Osaka, Japan) was dissolved in 
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Figure I Effect of acute mirtazapine or atipamezole treatment on conditioned freezing in rats. 

Notes: One day after footshock, mirtazapine (I -1 0 mg/kg) or atipamezole (0.04-0.64 mg/kg) was administrated 60 minutes before testing intraperitoneal!/ or subcutaneous!/, 
respective!/. Data are expressed as the mean + standard error of the mean of freezing scored for a 5-minute observation period. **P<0.0! versus Veh (Steel test). (A) N— 8 
(rats in each group); (B) N- ! 6 (rats in each group), except for the atipamezole 0.64 mg/kg group (N-8). 
Abbreviations: Veh, vehicle; N, number. 
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Figure 2 Effect of the coadministration of low-dose citalopram with subeffective doses of mirtazapine or atipamezole on conditioned freezing. 

Notes: One day after footshock, the low dose of citalopram (3 mg/kg, subcutaneously) was administered I hour before testing. Mirtazapine (3 mg/kg, intraperitoneally) 
or atipamezole {0.04 mg/kg, subcutaneously) was administrated 30 minutes after citalopram treatment (ie, 30 minutes prior to testing). Data are expressed as the mean + 
standard error of the mean of the freezing behavior scored during a 5-minute observation period. *P<0.05 versus Veh + Veh (Steel— Dwass test). (A) N— 7 {rats in each 
group); {B) N-14 (rats in each group). 
Abbreviations: Veh, vehicle: Cit, citalopram: N, number. 



0.9% sterile saline. Atipamezole (Antisedan® 5 mg/mL; 
Orion Pharma, Espoo, Finland) was diluted with distilled 
water. Mirtazapine (obtained from Merck and Co, Inc, 
Whitehouse Station, NJ, USA) was dissolved in 0. 15% tar- 
taric acid. The vehicle alone was administered as a control. 
Citalopram was administered 60 minutes before testing, and 
mirtazapine or atipamezole was administered 30 minutes 
before testing. Citalopram and atipamezole were injected 
subcutaneously at a volume of 1 mL/kg. Mirtazapine was 
inj ected intraperitoneally in a volume of 2 mL/kg. The doses 
and routes of administration of citalopram, mirtazapine, 
and atipamezole used in this study were determined based 
on our previous experiments" '^ and on earlier reports by 
other investigators. 



Procedures of conditioned fear 
stress-induced freezing 

The total duration of the conditioning session was 5 minutes. 
The rats were individually subjected to inescapable electric 
footshocks for a total of 2.5 minutes in a shock chamber 
with a grid floor (19 x 22 x 20 cm; Medical Agent Co, Ltd, 
Tokyo, Japan). Five electric footshocks (2.5 mA unpredict- 
able shock, each of a 30-second duration) were delivered at 
intershock intervals of 35-85 seconds (mean: 60 seconds) 
using a Model SGS-02D Shock Generator (Medical Agent 
Co, Ltd). One day after the footshocks, the rats were again 
placed in the shock chamber without footshocks and observed 
for 5 minutes. During the observation period, the duration 
of their freezing behavior was recorded using a modified 
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Figure 3 Effect of the coadministration of high-dose citalopram with subeffective mirtazapine or atipamezole on conditioned freezing. 

Notes: One day after footshock, the high dose of citalopram {30 mg/kg, subcutaneously) was administered I hour before testing. Mirtazapine (3 mg/kg, intraperitoneally) 
or atipamezole {0.04 mg/kg, subcutaneously) was administrated 30 minutes after citalopram treatment (ie, 30 minutes prior to testing). Data are expressed as the mean + 
standard error of the mean of freezing scored for a 5-minute observation period. *P<0.05; **P<0.0l, versus Veh + Veh; '*'*P<O.OI, versus Mirtazapine + Cit (Steel-Dwass 
test). {A) N-14 {rats in each group); (B) N-16 (rats in each group). 
Abbreviations: Veh, vehicle; Cit, citalopram; N, number; NS, not significant. 
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time-sampling procedure, as previously described."' Every 
10 seconds, the animal was classified as either freezing 
or active according to its behavior throughout the entire 
10-second period. Freezing was defined as the absence of 
all observable movement of the skeleton and the vibrissae, 
except those related to respiration. All other behaviors were 
scored as activity. The percentage scores for the duration 
of freezing behavior (% freezing) were calculated for the 
5 -minute observation period. 

In this study, six experiments, as shown in Figures 1-3, 
were performed independently. Each experiment was done 
once or twice, in which 28-32 rats, which included all groups, 
were tested on the same day to avoid the effect of variation 
between experiments. The rats were only used once for the 
experiments. 

Data analysis 

All the data are presented as the means + standard error of the 
mean of the individual values for each rat in all groups. The 
statistical analysis of the data was performed using the non- 
parametric Kruskal-Wallis test followed by the Steel test to 
compare each of the treatments with a single vehicle control 
in dose-response experiments, or with the Steel-Dwass test 
to compare all possible pairs of means in combined treatment 
experiments for multiple comparisons as a post hoc test. 

Results 

Effect of acute mirtazapine 

or atipamezole treatment on the 

expression of conditioned freezing 

Both mirtazapine and atipamezole affected the expression 
of conditioned freezing significantly (Kruskal-Wallis test, 
mirtazapine, //=16.625, P<OMl; atipamezole, //=23.448, 
/'<0.000 1 ). A Steel post hoc test to compare each of the treat- 
ments with the vehicle control group revealed that mirtazapine 
showed significant inhibitory effects at 10 mg/kg (/'<0.01 
versus the vehicle control group), but not at 1 mg/kg and 
3 mg/kg (Figure 1 A), and that atipamezole showed inhibitory 
effects at 0.16 mg/kg and at 0.64 mg/kg {P<0.0\ versus the 
vehicle control group), but not at 0.04 mg/kg (Figure IB). 

Effect of coadministration of low- 
dose citalopram with mirtazapine 
or atipamezole on the expression 
of conditioned freezing 

We previously reported that acute treatment with the SSRI 
citalopram dose-dependently reduced the expression of 



conditioned freezing.'^ At a low dose (3 mg/kg), citalopram 
did not change the expression of conditioned freezing 
significantly." On the other hand, at a high dose (30 mg/kg), 
citalopram showed the maximal inhibitory effect." In other 
words, even at a very high dose (100 mg/kg), the inhibitory 
effect of citalopram was equivalent to that of 30 mg/kg." 
To investigate the combined effect of citalopram with 
mirtazapine or atipamezole, we used a subeffective low 
dose (3 mg/kg) of citalopram and subeffective doses of the 
other drugs (ie, 3 mg/kg of mirtazapine and 0.04 mg/kg of 
atipamezole). At each dose, any drug alone did not reduce 
freezing significantly. The coadministration of low-dose 
citalopram with subeffective doses of mirtazapine or atipa- 
mezole reduced the expression of conditioned freezing sig- 
nificantly (Kruskal-Wallis test, citalopram with mirtazapine, 
i/=8.808, P<0.05; citalopram with atipamezole, //=8.588, 
P<0.05) (Figure 2). A Steel-Dwass post hoc test showed that 
coadministration of low-dose citalopram with subeffective 
doses of mirtazapine or atipamezole significantly reduced 
freezing compared with the controls (vehicle + vehicle versus 
citalopram + mirtazapine, P<0.05; vehicle + vehicle versus 
citalopram+ atipamezole, P<0.05). 

Effect of the coadministration of high- 
dose citalopram with mirtazapine 
or atipamezole on the expression 
of conditioned freezing 

To investigate whether the maximal inhibitory effect of 
citalopram is augmented by mirtazapine or atipamezole, we 
used a high dose (30 mg/kg) of citalopram with subeffective 
doses of mirtazapine (3 mg/kg) or atipamezole (0.04 mg/kg). 
Coadministration of high-dose citalopram with subeffective 
mirtazapine or atipamezole doses significantly reduced the 
expression of conditioned freezing (Kruskal-Wallis test, 
citalopram with mirtazapine, i/=27.223, P<0.0001; citalo- 
pram with atipamezole, //=13.971, P<0.005) (Figure 3). 
A Steel-Dwass post hoc test showed that both high-dose 
citalopram alone and the coadministration of high-dose cit- 
alopram with subeffective mirtazapine significantly reduced 
freezing compared with the controls (vehicle + vehicle versus 
citalopram + vehicle, P<0.05; vehicle + vehicle versus citalo- 
pram + mirtazapine, /'<0.01). Moreover, the coadministra- 
tion of high-dose citalopram with subeffective mirtazapine 
significantly reduced freezing compared with high-dose 
citalopram alone and mirtazapine alone (citalopram + vehicle 
versus citalopram+ mirtazapine, P<0.01; citalopram + mir- 
tazapine versus vehicle + mirtazapine, P<O.Ql; Steel-Dwass 
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post hoc test) (Figure 3A). Similarly, both high-dose citalo- 
pram alone and the coadministration of high-dose citalopram 
with subeffective doses of atipamezole also significantly 
reduced freezing compared with controls (vehicle + vehicle 
versus citalopram + vehicle, P<0.05; vehicle + vehicle versus 
citalopram + atipamezole, P<0.05). However, there was no 
significant difference in freezing between high-dose citalo- 
pram alone and the coadministration of high-dose citalopram 
with subeffective atipamezole (citalopram + vehicle versus 
citalopram + atipamezole, P>0.05, Steel-Dwass post hoc 
test) (Figure 3B). 

Discussion 

Consistent with our previous studies,'^ '* mirtazapine reduced 
the expression of conditioned freezing dose-dependently, and 
the SSRI citalopram inhibited conditioned freezing. In this 
study, the combination of subeffective doses of mirtazapine 
(3 mg/kg) and citalopram (3 mg/kg) enhanced the inhibitory 
effect of both drugs on conditioned freezing. Our previous 
study showed that high-dose citalopram (30 mg/kg) produces 
the maximal effect on conditioned freezing." In this study, 
adjunctive subeffective mirtazapine enhanced the maximal 
inhibitory effect of high-dose citalopram (30 mg/kg) on 
conditioned freezing. These results suggest that mirtaza- 
pine itself has an anxiolytic-like effect, and that mirtazapine 
enhances the anxiolytic-like effect of SSRIs. This study is the 
first study to show that the combination of mirtazapine and 
an SSRI augments the anxiolytic-like effects of each drug. 
Based on these experimental findings, the putative efficacy 
of the combination therapy with mirtazapine and SSRI for 
treatment-resistant anxiety disorders may be promising, as 
this combination therapy is adapted to treatment-resistant 
forms of major depression.'' 

In contextual conditioned fear in rats, drugs that facilitate 
5-HT neurotransmission (ie, that increase extracellular 5-HT 
levels in the brain) generally reduce conditioned freezing." 
Based on this principle, the previous findings of in vivo 
microdialysis studies may account for the augmentation 
effect of the combined mirtazapine and an SSRI.'-" There are 
conflicting results as to whether mirtazapine alone increases 
extracellular 5-HT levels in the brain; some studies reported 
that mirtazapine increased extracellular 5-HT levels in the 
hippocampus,' " but others reported negative results in the 
hippocampus and other forebrain regions. Interestingly, 
mirtazapine enhances the increasing effect of the SNRI, 
milnacipran, on extracellular 5-HT levels in the hippocampus 
and prefrontal cortex.' Hence, these previous findings suggest 
that the augmentation effect of the combined mirtazapine 



and SSRI in contextual conditioned freezing is mediated 
by more increases in extracellular 5-HT. Moreover, 5-HTj^ 
receptors are a potentially strong candidate for the target 
receptors, in which the anxiolytic-like activities of mirtazap- 
ine alone and its combination with an SSRI is mediated by 
an increase in 5-HT activity. It should be noted that 5-HTj^ 
agonists reportedly reduced the expression of contextual 
conditioned freezing." Furthermore, approximately one-half 
of the anxiolj^ic-like effect of mirtazapine in the expression 
of contextual conditioned freezing was antagonized by the 
selective 5-HTj^ receptor antagonist, WAY- 10063 5.'^ 

As indicated in the introduction, mirtazapine blocks 
not only a^-adrenergic autoreceptors and heteroreceptors, 
but also 5-HT2|,^2^3 receptors." This study showed that the 
very selective receptor antagonist, atipamezole, dose- 
dependently reduced conditioned freezing at low doses, as did 
mirtazapine. An earlier study reported that another recep- 
tor antagonist, yohimbine, also reduced the expression of 
conditioned freezing. The addition of subeffective doses of 
atipamezole to citalopram increased the inhibitory effect of 
low-dose citalopram, which was similar to what was shown 
with mirtazapine. A pharmacodynamic mechanism may be 
involved in this enhancement because atipamezole reportedly 
enhanced the effect of an SSRI and SNRI on 5-HT. Further- 
more, the ttj receptor antagonist idazoxan, like mirtazapine, 
reportedly enhances the increases in extracellular 5-HT levels 
by the SNRI milnacipran in the prefrontal cortex.' However, 
the enhancement of citalopram 's effects by atipamezole was 
not clear when compared with mirtazapine. Interestingly, ati- 
pamezole did not enhance the effect of high-dose citalopram, 
which induces the maximal effect, on conditioned freezing 
in contrast to mirtazapine. Therefore, although the effect of 
mirtazapine on conditioned freezing may be mediated by its 
receptor antagonism, we cannot account for the enhancing 
effect of mirtazapine on citalopram only by the mechanism 
of ttj receptor antagonism. 

Clinically, SSRIs and mirtazapine exert anxiolytic 
effects after chronic treatment;^ however, in the animal 
model, acute SSRI and mirtazapine exerted an anxiolytic- 
like effect in contextual conditioned fear. As we previously 
discussed in our review," this model is an animal model of 
fear or anxiety, but not of anxiety disorders. We found that 
prolonging the period between conditioning and exposure to 
conditioned fear stress for up to 7-14 days diminished the 
acute effects of SSRIs and mirtazapine, and the anxiolytic- 
like effects required chronic treatment (our published" 
and unpublished data). Thus, the long interval between 
conditioning by footshock and exposure to conditioned 
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fear stress might improve the predictive and face validities 
of contextual conditioned freezing as an animal model of 
anxiety disorders. In future studies, we plan to study the 
combined effect of mirtazapine and SSRIs on the expres- 
sion of contextual conditioned freezing while using a longer 
interval between conditioning by footshock and exposure 
to conditioned fear stress. 

Conclusion 

This study shows that the anxiolytic-like effect of the SSRI 
citalopram in contextual conditioned fear is enhanced by the 
adjunctive subeffective dose of mirtazapine and, to a lesser 
extent, by the a^-adrenoceptor antagonist atipamezole. The 
combination of an SSRI and mirtazapine may be a promis- 
ing strategy for treating anxiety disorders. In contextual 
conditioned fear, mirtazapine has an anxiolytic-like effect 
and may enhance the anxiolytic-like effect of SSRIs, but this 
enhancement may not be explained by its anti-a^ property 
alone. 
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